Open innovation (OI) represents an emergent paradigm by which customers and users are involved as part of the innovation processes of organizations. One of its most popular implementation schemes is OI communities, which have been popularized by the use of social software. Through these communities, users are free to post, share, comment and evaluate other users ideas, and they can interact with other users as well as with the innovation department and experts of the organization. One of the challenges of OI communities is distinguishing the most innovative ideas, as they receive hundreds or even thousands of ideas. This paper proposes a novel approach for this task consisting of analyzing the content of shared ideas. Through this analysis, several conclusions about the decision processes of the organization can be inferred. Obtained results can help OI managers to improve ideas evaluation processes.
underlying topics or classify documents in categories. The main problem of vector space model is the high dimensionality of the feature space (one dimension per keyword). Subspace based algorithms reduce the high dimensionality by projecting the documents into a lower-dimensional subspace in which the semantic structure of the document space becomes clearer (Cai et al., 2005) . Latent Semantic Indexing (LSI) is one of this subspace techniques widely used in several research domains (Oudshoff et al., 2003) . LSI decomposes a keyword document matrix using a technique called singular value decomposition to construct new features as combinations of the original ones, reducing significantly the high-dimensionality problem of the feature space (Deerwester et al., 1990 ; Lee & Yang, 2009) . LSI is based on three basic claims: (1) semantic information can be derived from a word-document co-occurrence matrix; (2) dimensionality reduction is an essential part of this derivation; and (3) words and documents can be represented as points in Euclidean space. Once the dimensionality is reduced, documents can be easily managed in this lower dimensional space for classification, categorization, association or summarization of documents (Oudshoff et al., 2003) . communities' dynamics. Koh and Kim (2004) studied how the level of community knowledge sharing activity is able to improve virtual community outcomes. Other issues like knowledge creation, users' motivation and participants' performance have been studied in discussion forums and online health communities (Ginossar, 2008) . Automatic knowledge discovery from texts allows enhancing communication in virtual communities, facilitating the evaluation of the community performance. This paper extends these previous works to the case of OI communities, where a previous categorization of ideas based on their suitability is given by the company. Performance in the case of OI communities heavily depends on the assessment of ideas. In this line, this paper provides methodology to monitor the assessment of ideas and to identify the similarities and differences between users and company preferences when deciding about potential innovations.
Methodology
Figure 1 details the methodology followed in this paper. The first step is the selection of the keywords which should be representative enough of the target domain to be studied. Once the set of keywords is chosen, the proposed procedure is similar for each subset of ideas. In the context of open communities, the keywords can be easily obtained using the tags provided by the OI website. When users decide to post a new idea, they must categorize the idea using a set of tags provided by the organization. These tags represent the different areas in which users are expected to share their innovations. The number and scope of tags is high enough to cover all the areas of the organization. The rest of steps of the block diagram are detailed in the following subsections.
Data collection
OI websites typically categorize ideas as implemented, partially implemented or acknowledged. This last status means that the idea has been evaluated but it has not been considered as implementable. The first step for data collection consists of separating the different kinds of ideas according to their status. Once the ideas are discriminated, the text associated to each idea is captured and stored for the subsequent text processing and analysis. The text associated to each idea includes the original text submitted by the author as well as all the comments posted by the community.
A specific crawler has been designed for discriminating and extracting the text associated to shared ideas. It processes html web pages following their hyper link structure. First, ideas are classified attending to the content of the status field of ideas. Then, the link to each shared idea is followed to access the title and the body of the idea. Finally, the links of the received comments are explored to add their text to the body of the original idea. As a result, three collections of separate documents were obtained. Figure 2 details the crawler operation.
LSI
Given n documents that collectively contain m keywords, the term-document matrix A is an m x n matrix such that aij is the number of times that word i occurs in document j, being n << m. Matrix A defines an m-dimensional space in which each document corresponds to a point.
LSI projects the row and column vectors of A into a lower dimensional space, one in which comparisons of these vectors are less susceptible to the effects of variance in word selection. This is accomplished by first computing the singular value decomposition (SVD) of A. The SVD decomposes an m x n matrix A into the product of three other matrices, Eq. (1).
where U is an m x n orthogonal matrix, ) , ... , 
Ultrametic trees
Once LSI provides the low-dimensional semantic space, a clustering algorithm is used to obtain the main topics by aggregating the selected keywords using the similarities or distances in this reduced semantic space. The resulting dendrogram is a rooted tree that represents the result of a hierarchical clustering. Leaves represent data objects while internal nodes represent clusters at various levels. The final classification of the clustering algorithm heavily depends on the dendrogram distance definition. Therefore, the selection of the most appropriate clustering criteria for the data being investigated is quite important. Each of these dendrogram distance is in fact an ultrametric distance. In this paper we represent the obtained dendrogram as an ultrametic tree using the algorithm UPGMA (Unweighted Pair Group Method with Arithmetic Mean).
The UPGMA method is widely used to develop taxonomies with numerical data obtained from a set of taxa, which are units grouped in a hierarchical classification (Gronau, 2007) .
UPGMA differs from other hierarchical clustering algorithms in the definition of dissimilarity.
Given a matrix of taxa (subjects or objects), this method constructs the bottom-up phylogenetic tree from the leaves (set of taxa). Let's consider an ultrametric tree T and let's define ) (u height as the path length from a node u to any of its descendant leaves (since T is an ultrametric tree, all paths should have the same length). Let's also consider i and j the descendant's leaves of u in two different subtrees. To ensure that the distance from the root to both descendants i and j are the same, then 2 / ) (
, being ij M the distance from i to j . For any two clusters 1 C and 2 C from the T tree, we define, 
In the UPGMA method, distances are calculated using an arithmetic average depending on the number of elements in each cluster.
Topic clusters
Once the ultrametric tree is obtained, keywords can be aggregated to obtain the main topics of discussion. Clusters are defined by the branches of the built ultrametric tree. The decision about the final clusters relies on the analyst, who must consider the consistency of the subjacent meaning of the cluster.
Case study
IdeaStorm is an online user innovation community created by Dell, where end users freely share innovative ideas with other community members and Dell to improve its products and services (Di Gangi & Wasko, 2009 ). The goal of the user innovation community is to improve Dell's existing products and services as well as offer ideas on new market opportunities. Users have also the option of commenting and scoring other users' posted ideas.
Users have to register with an alias to be allowed to participate in the community. This alias is unique within the community, and identify those users posting ideas, comments or ratings. Whenever a user posts an idea to IdeaStorm website, it should be classified attending to a limited number of tags. The list of tags is provided by Dell and they cover all the areas in which innovations are expected. Ideas can also receive comments and votes from other community members.
Dell evaluates shared ideas analyzing their content and the scoring received by the rest of the community. The content is actually the main factor in the decision of adopting or not a posted idea. Typically, ideas are first assessed and classified by the innovation department and then presented to a group of experts for their evaluation in random order. As a result, ideas receive a status which is publicly shown: under review, acknowledged, partially implemented and implemented. This paper is focused on the three last categories, as they represent ideas that have received a final decision. Following the proposed methodology, the designed crawler has been used to extract the information from IdeaStorm website. The target information of this work is the title of the idea, its body and the content of all the received comments. All this information is merged to obtain the text associated to each idea. In what follows the text associated to each idea will be designated as documents. Additionally, the categories or tags selected by the author when posting the original idea have also been collected. Table 1 
Results
Several features of the three separate collection of documents were analyzed before proceeding with the semantic analysis. More specifically, the differences between acknowledged, partially implemented and implemented ideas have been statistically tested using four different indicators: the number of received comments, the number of received votes, the number of tags in which ideas are included, and the size of documents measured by the number of characters. The average values of these indicators for every collection of documents are shown in Table 2 . In order to compare the means of variables from The low p value for each variable in Table 3 suggests that the mean of one of them is significantly different than the other sample means. The null hypothesis can be rejected, so it can be concluded that the average values of the considered indicators are statistically different.
Acknowledged Partially Implemented Implemented
These average values clearly shows differences among the three collection of documents.
Ideas implemented or partially implemented receive more comments and votes that acknowledged ideas. This fact means that ideas adopted by Dell are in general popular and high scored by the innovation community. The higher size in characters of implemented and partially implemented ideas can be explained by the higher number of comments these ideas receive.
Regarding the number of tags, implemented and partially implemented ideas are focused in less categories than acknowledged ideas, which can be interpreted as a higher level of concretion.
If we focus in the last two groups of Table 2 , partially implemented and implemented ideas, it can be noticed that the number of comments and, above all, the number of votes is much higher in the case of partially implemented ideas. Actually, this is the collection of ideas preferred by the community. This result suggests that the organization is sensible to the preferences of the community and decides implementing these ideas but not in their whole The differences among the different topics treated in each collection of ideas can be further analyzed through semantic analysis. For this purpose, the set of keywords of Table 1 However, the denser part of the tree corresponds to the block named as Sales, Marketing and Management, which covers on one hand the community support and Ideastorm website organization and on the other hand the Sales and Market policies. It is interesting to notice that the collection of implemented ideas is the only one that includes a specific category related to Ideastorm website. That means that Dell is really interested on improving its website and promoting the relationships with customers and users. Some other categories especially relevant in the collection of implemented ideas but not in the collection of acknowledged ideas are
Netbooks and XPS Laptops.
The accuracy of obtained clusters can be evaluated using the cophenetic correlation, which has been widely used as a criterion for evaluating the efficiency of various clustering techniques (Rashedi & Mirzaei, 2013) . Basically, the cophenetic correlation coefficient is a measure of how faithfully a dendrogram preserves the pairwise distances between the original unmodeled data points. Table 4 details the value of the cophenetic correlation coefficient for each collection of documents considering several measures of similarity. Best results correspond to Dice distance, which is the one selected in our previous results. 
Cophenetic correlation coefficient

Discussion and implications
One of the most important challenges of OI communities is the decision about which ideas should be implemented by the organization. Shared ideas are evaluated by the innovation department of the organization with the collaboration of specific experts in certain matters. They should decide about the viability and suitability of shared ideas, their cost and how these ideas can affect current products and services. They perform a technical and economical evaluation of shared ideas, considering also the strategic innovation policies of the organization. However, some ideas can be interesting but they can suppose an important change in the production lines or even in the way the organization is facing some necessities. In this case ideas must overcome the resistance to change of the staff evaluating those ideas (Keupp, 2009 ). To avoid losing fresh and groundbreaking ideas, OI communities develop their own evaluation system by which the community can score ideas, highlighting those ideas considered most interesting. This scoring system exerts pressure on the organization in the sense that it is compelled to listen to the community for implementing the most relevant shared ideas.
This paper analyzes shared ideas as separate collections of documents grouping acknowledged, implemented and partially implemented ideas. implemented ideas. This result suggest that ideas have more chances of being implemented when they are more specific to a certain product line, and that Dell tends to implement more easily ideas related to specific and more professional products rather than those focused on products oriented to the general clients. This is the case of ideas related to Latitude Laptops, Netbooks or Workstations, which are mainly targeted for business use. In these three cases, Figure 3 shows that almost all the shared ideas about these topics were finally implemented. The position of Dell in this point can be explained by two considerations. First, users of high performance equipments are professional users and they are aware of their real needs. Therefore, when they post ideas they are thinking in problems and necessities related to their daily work. As a difference, non professional users post ideas related to mid or low level computer systems and probably with lower accuracy than professional users (sometimes, posted ideas are only individual preferences rather than innovations). The second consideration is that it is easier to modify high performance equipments than mid or low computer systems. In the former, the price is not the determinant criterion of users when choosing an equipment while the latter are more standardized systems which a downward adjusted price level.
Gaming is an issue clearly distinguished in the set of acknowledged and partially implemented ideas, but it is not so explicit for the set of implemented ideas. Obviously, Gaming is an important issue for a big audience of Dell products, since computer systems are also used by many people for leisure and recreational purposes. In the case of acknowledged ideas, posted innovations are related to software and accessories while in the case of partially implemented ideas they are specifically linked to the Alienware, which is Dell's premier gaming brand. In this case the company is sensitive to the general audience and decides to implemented some of the posted ideas or at least a partial affordable part of these set of ideas.
As a difference to Gaming, Ideastorm website organization only appears as a specific category of the implemented ideas' topics. This result means that Dell is clearly committed to the development of the OI community, and it is open and receptive to all suggestions in this line.
However, it is also true that innovations related to the website organization are quite easy to implement since they refer to software changes rather than more costly changes, for instance, in the manufacturing processes. This paper shows how computational methods for content analysis can help community managers and companies to extract information about user preferences and ideas evaluation processes. Today, companies put increasingly attention on secondary sources of information, above all on those related with Internet, virtual communities and social software. Much of the information about the brand, products and services is today spread through specific or general purpose communities, and customers and users are also using these communities when making their final decisions (Martinez-Torres, 2014). Therefore, companies must be aware about all the information that is publicly available and they need to establish a social media monitoring to systematically gather, analyze and manage social media data. However, the main problem is the over abundance of information, which makes unaffordable the use of manual techniques.
Computational methods for text analysis can overcome this problem by automatically analyzing and processing shared information. Although this paper shows how to extract the main topics within shared information, some other analysis are also possible, like using classifiers or sentiment analyzers.
Conclusion
This paper has analyzed three collection of shared ideas in OI communities attending to the decision of the company about their potential applicability. The aim has been to detect the criteria behind the company decision making, and to test to what extent the criteria are influenced by the innovation community preferences. A semantic analysis has been applied to the three collections of considered ideas to extract their main topics of interest. The comparative analysis of the obtained results reveals that decision making is affected by the pressure of community preferences. Nevertheless, the resilience to change is more evident in those ideas affecting the manufacturing process or the main product line than in the marketing policies or the community support.
Future research will focus on finding sentiments or emotions when analyzing the content of shared information. Similarly to topic analysis, recognition of sentiments and emotions also requires advanced analytical tools, and can complement the proposed approach by adding the attitude and personal disposition toward the shared content.
